The operation of the mercury arc rectifier is based on the phenomenon of the electric arc, to be a good conductor in the direction of the arc blast, but a non-conductor in the opposite direction, and so to pass only unidirectional currents.
In an electric arc the current is carried across the gap between the terminals by a bridge of conducting vapor consisting of the material of the negative or the cathode, which is produced and constantly replenished by the cathode blast, a high velocity blast issuing from the cathode.
An electric arc, therefore, can not spontaneously establish itself.
Before current can flow as an arc across the gap between two terminals, the arc flame or vapor bridge must exist, i.e., energy mast have been expended in establishing this vapor bridge. This can be done either by bringing the terminals into contact and so starting the flow of current, and then by gradually withdrawing the terminals derive the energy of the arc flame from the current, as done in practically all arc lamps. Or by increasing the voltage across the gap between the ter minals so much that the electrostatic stress in the gap represents sufficient energy to establish a path for the current, i.e., by jumping an electrostatic spark across the gap, which is followed by the arc flame, as occasionally happens, against the wishes of the engineer, for instance, in lightning arresters. Or by supplying the arc flame from another arc, an arc can be estab- If now ABC are connected with the corresponding rectifier terminals ab c and at c a cathode blast maintained, those cur rents will pass for which c is negative or cathode, i.e., the current flowing through the rectifier from a to c and from 6 to c, under the impressed electromotive forces II and III, are given by curves IV and V, and the current issuing from c will be the sum of IV and V, as shown in curve VI.
Such a rectifier as shown diagrammatically in Fig. 2 Regarding calculation of the rectifier:
The angle of overlap ω of the two arcs is determined by the desired stability of the system. By the angle ω and the im pressed electromotive force is determined the sum total of electromotive forces which has to be consumed, and returned, by the alternating current reactive coil, and herefrom the size of the alternating current reactive coil.
From the angle ω also follows the wave shape of the rectified voltage, and therefrom the sum total of electromotive force which has to be given by the direct current reactive coil, and light rectifier, at 6000 volts full load, this loss in the tube is 0.3%. The loss in the reactive coils obviously can be reduced as far as the customer is willing to pay for copper and iron.
Let Ν = frequency of the alternating current supply, i 0 = mean value of the rectified direct current, and a the pulsation of Regarding the power factor of the mercury arc rectifier system, the non-inductive character of the direct current load increases, but the use of reactive coils in the alternating loads slightly decreases the power factor, so that the power factor of the load on the secondary terminals of the constant current transformer is 90 to 95%, i.e., the same or slightly higher than that of an alternating series arc circuit, and the power factor of the whole system is therefore about the same or slightly higher than that of the same constant current transformer operating series alternating arc lamps at the same percentage of load, i.e., with the same position of transformer coils.
With decreasing load, at constant alternating current supply, the rectified direct current slightly increases, due to the increasing overlap of the rectifying arcs, and to give constant direct current, the transformer is therefore adjusted so as to regulate for a slight decrease of alternating current output with decrease of load. Obviously, just as in constant current transformers for
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series alternating arc lighting, in larger units, the regulation range for constant current is extended from full load down to | load only, and not down to short circuit.
The maximum voltage which can be rectified, is unknown, since we have not been able yet to get sufficiently high voltage power supply to break down a rectifier of proper design and vacuum; and since a high frequency oscillator giving an 8-in.
spark between 1 in. spheres, does not send a discharge through the vacuum of such a rectifier, it is not probable that a voltage limit of rectification will be reached in the range of voltages coming into commercial consideration. We have rectified 36 000 volts impressed upon the rectifier terminals, with small current. In the following some tests are given on the operation of a rectifier tube at 25 200 volts alternating impressed upon its terminals giving an output of 10 000 volts at 4.6 amperes direct current, and at 24 300 volts impressed, an output of 9500 volts at 6.25 amperes, or 59.4 kilowatts, from a single rectifier tube just a little larger than can conveniently be put in a coat pocket.
V. TESTS OF SYSTEM.
A constant current mercury arc rectifier system has been in regular service for over a year, supplying 3.8 amperes constant current to 25 mercury arc lamps, for lighting streets and parks in the neighborhood of my private residence in Schenectady.
The constant current transformer is a so-called " 6 light testing transformer," with the secondary coil wound for two amperes and operating at somewhat higher magnetic density; therefore, the regulation range extends only down to 10 lamps. The rec ords of test of efficiency, power factor, regulation, etc., of this system is given in Fig. 4 . As seen, in this small unit, of only 3.9 kilowatts output, an efficiency of 80% and a power factor of 70% is reached, between constant potential alternating current received from the primary distributing mains, and constant direct current send into the arc circuit.
Oscillograms of this constant current rectifier, *at full load of 25 mercury arc lamps, are given in Figs. 5 to 14. These curves show: Fig. 5 , primary supply voltage. amperes, with an impressed alternating voltage of 25.2 kilovolt, and the maximum output was 9.5 kilovolts at 6.25 amperes, or about 60 kilowatts.
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VI. THEORY AND CALCULATION.
In the constant-current mercury-arc rectifier shown diagrammatically in Fig. 17 , let:
e sin φ = sinewave of electromotive force impressed between neutral and outside of alternating current supply to the recti fier, that is:
2 e sin φ = total. secondary induced electromotive force of constant current transformer. i 0 = rectified current during the period: 0 < φ < ω, where both rectifying arcs exist.
FIG. 18.
i o ' = rectified current during the period: ω < φ < π, where only one arc, or one anode current i x exists. total counter electromotive force in the recti fied circuit.
It is then:
a. During the period where both rectifying arcs exist:
In the circuit between the electromotive force 2 e sin φ, the rectifier tube, and the currents i x and i 2 , it is, by Kirchhofes law:
It is, in the circuit from transformer neutral over electro motive force e sin φ, current i v rectifier arc e 0 " and rectified circuit i 0 , back to the transformer neutral:
b. During the period where only one rectifying arc exists:
Substituting (1) in (2) In these equations, i 0 and i l apply for the time: 0 < φ < ω, i 0 ' for the time: ω < φ < π.
These differential equations are integrated by the functions:
Substituting (8), (9), and (10) into (5), (o), and (7) gives three identities: (14) a and a t by equations (12) and (13) and A, B, C are integration constants given by the terminal conditions of the problem.
These terminal conditions are Let then be given as condition of the problem the average value i of the rectified current: 4 amperes in a magnetite or mercury arc lamp circuit, 5 or 6.6 or 9.6 amperes in a carbon arc lamp circuit.
Assuming as fair approximation that the pulsating rectified current i 0f i 0 \ has its mean value i at the mDment: φ = 0.
This then gives the additional equation:
and from the five equations (21) and (22), the five constants A, £?, C, ω, e are determined.
Substituting (22), (18), (19), (20) in equations (21), gives:
. Equation (27) is transcendental, and therefore has to be solved by approximation, which however is very rapid.
As first approximation, a = b = c = 0: a x = a 2 = 90° or π/2, and, substituting these values in (27), gives: ε** 4-cos ω χ 2 ζ The effective or equivalent alternating secondary current of the transformer, which corresponds to the primary load current, that is, primary current minus exciting current, is:
i' = i x -i 2
From these equations are calculated the numerical values of rectified current i Q , i 0 ', of anode current i v and of alternating current i', and plotted as curves in Fig. 18 . As seen, they per fectly agree with the oscillograms.
